In Saccharomyces cerevisiae, Yap1 regulates an H 2 O 2 -inducible transcriptional response that 23 controls cellular H 2 O 2 homeostasis. H 2 O 2 activates Yap1 by oxidation through the intermediacy of 24 the thiol-peroxidase Orp1. Upon reacting with H 2 O 2 , Orp1 catalytic cysteine oxidizes to a sulfenic 25 acid, which then engages either into an intermolecular disulfide with Yap1 that leads to Yap1 26 activation, or an intramolecular disulfide that commits the enzyme into its peroxidatic cycle. Of 27 these two competing reactions, how the former one, which is kinetically unfavorable, occurs? We 28
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RESULTS 77
Ybp1 brings Yap1 and Orp1 in a non-covalent 1:1:1 complex 78
We first assayed the interaction of Ybp1 and Yap1 in vitro. When alone in solution, Ybp1 79 eluted from a size-exclusion column as a single peak with an apparent mass of 100 kDa, close to the 80 calculated monomer mass (80 kDa), and Yap1 as a major peak of 470 kDa (calculated monomer 81 mass = 73 kDa), which suggested that Yap1 oligomerizes in solution and/or adopts a non-globular, 82 flexible conformation, in accordance with its sensitivity to proteolysis 5 ( Fig. 2a) . A small fraction of 83 Yap1 also eluted within the column-void volume, likely reflecting protein aggregation. When 84 present in an equimolar mix, the two proteins now eluted as one major species with an apparent 85 mass of 307 kDa, confirming the Ybp1-Yap1 interaction shown by co-immunoprecipitation from 86 crude lysates 13, 14 and suggesting the presence of a 1:1 complex (calculated mass of 153 kDa) with a 87 non-globular conformation, or a 2:2 complex (306 kDa). Doubling the concentration of Yap1 relative 88 to Ybp1 produced an additional peak corresponding to free Yap1, thus confirming non-covalent 89 complex formation with a stoichiometry of 1:1 or 2:2 (hereafter referred to as Ybp1·Yap1). 90
Quantitative data of the Yap1-Ybp1 interaction were obtained from the change of fluorescence 91 anisotropy of fluorochrome-labeled Ybp1 (AF-Ybp1) upon Yap1 titration. A saturable 11% 92 anisotropy increase was observed, which after conversion to the fraction of bound AF-Ybp1, was 93 fitted to a single-site binding equation, yielding a dissociation constant of 1.6 ± 0.3 µM ( Fig. 2b) . 94
Using Yap1 SSS SSS , a mutant with Ser substitution of all six Cys, gave a value close to the previous one 95 (0.7 ± 0.2 µM). Titration of labeled Yap1 (AF-Yap1) by Ybp1 produced a saturable 22% fluorescence 96 anisotropy increase and a dissociation constant of 1.3 ± 0.2 µM, very close to the value obtained 97 using AF-Ybp1. 98
We next assayed the interaction of Orp1 with its two partners by isothermal titration 99 calorimetry (ITC). Yap1 SSS SSS was used here to avoid any redox interferences. No significant signal 100 was observed when Orp1 was injected into a Yap1 SSS SSS solution (Fig. 2c, left panel) . In contrast, 101 injection of Orp1 into a Ybp1 solution produced a binding isotherm that fitted a single-site model, 102 6 which yielded a dissociation constant of 0.8 ± 0.1 µM and a stoichiometry of 0.8 ± 0.1, indicative of a 103 1:1 stoichiometry ( Fig. 2c, central panel, Supplementary Table 1 ). Calorimetric titration of the 104 Ybp1·Yap1 complex by Orp1 also produced an isotherm corresponding to a single-site binding 105 interaction with a dissociation constant of 0.7 ± 0.2 µM and a stoichiometry of 0.8 ± 0.1 (Fig. 2c,  106 right panel, Supplementary Table 1) , also indicative of a 1:1 stoichiometry, which indirectly 107 confirmed a Ybp1-Yap1 1:1 association. In the latter experiment, Orp1 binding to Ybp1 could have 108 dissociated the Ybp1·Yap1 complex, but predicted titrations that incorporated the Ybp1·Yap1 and 109
Orp1·Ybp1 dissociation constants did not reach complete saturation under the conditions used. No 110 significant signal was detected by titrating Ybp1 or the Ybp1·Yap1 SSS SSS complex with Orp1 in the 111 intramolecular disulfide form Orp1 OxSS (Supplementary Fig. 2) . TAP-Tag-affinity precipitation of 112 Ybp1 from crude yeast lysates brought down both Yap1 and Orp1, thus establishing that the ternary 113
Orp1·Ybp1·Yap1 complex is also formed in vivo, although we cannot totally rule out that Orp1 114 coprecipitates with Ybp1 by virtue of its disulfide linkage to Yap1 (Supplementary Fig. 3) . 115 Ybp1 thus brings together Yap1 and reduced Orp1, but not Orp1 OxSS , into a non-covalent 116 ternary Orp1·Ybp1·Yap1 complex of 1:1:1 stoichiometry. 117
118

In vitro reconstitution of the Orp1-Yap1 redox relay 119
To address the molecular function of Ybp1, we reconstituted the redox relay in vitro with 120 purified Yap1, Orp1, Ybp1, thioredoxin (Trx), Trx reductase and NADPH, and monitored the kinetics 121 of Yap1 oxidation by H 2 O 2 by the differential migration of Yap1 redox conformers by non-reducing 122 SDS-PAGE. As previously shown 9 , Myc-Yap1 from untreated cells migrates as a unique band 123 (Yap1 red ); minutes after H 2 O 2 exposure, the C36-C598-linked Orp1-S-S-Yap1 complex and Yap1 124 intramolecular disulfide forms (Yap1 ox ) are both seen as two distinct bands that migrate above and 125 below reduced Yap1, respectively ( Fig. 3a, Supplementary Fig. 4) . A third H 2 O 2 -inducible Myc-126 immunoreactive band was also seen just above Orp1-S-S-Yap1, which also contains Orp1 and 127 possibly leads to formation of the second Yap1 intramolecular disulfide. Analysis of the 128 7 reconstituted relay similarly identified reduced Yap1 and Ybp1 prior to addition of H 2 O 2 , and then 129 three new Yap1 electrophoretic forms upon addition of H 2 O 2 , which correspond to the Yap1-130 intramolecular disulfide forms and to the two Orp1-Yap1 disulfide-linked complexes (Fig. 3b ). Yap1 131 oxidation was fast, occurring within seconds, and lasted a few minutes after which Yap1 returned to 132 its reduced form, closely reproducing the in vivo kinetics of Yap1 oxidation 9 . 133 134
Orp1 and Ybp1 are required for Yap1 oxidation in vitro 135
We next probed each of the components of the redox relay on Yap1 oxidation. When alone, 136 Yap1 (5 µM) became oxidized, but at very high doses of H 2 O 2 , much higher than those effective in 137 the fully reconstituted system (H 2 O 2 > 500 µM vs < 100 µM), with appearance of Yap1 high 138 molecular weight disulfide-linked complexes, indicative of non-native disulfide bond formation 139 ( Supplementary Fig. 5a Fig. 5b ). Only at a very high 144 dose of H 2 O 2 (2 mM), a slow and weak oxidation of Yap1 was observed ( Fig. 3c) , which was partially 145 dependent upon Orp1 (10 µM), as indicated the presence of a very weak band corresponding to the 146 Orp1-Yap1 disulfide complex. Introducing Ybp1 led to a concentration-dependent stimulation of 147 Yap1 oxidation, and appearance of one, and then of the two Orp1-Yap1 disulfide-linked complexes 148 ( Fig. 3c) . The effect of Ybp1 reached a maximum at a Ybp1:Yap1 ratio of 1:1, thus confirming the 149 results of Fig. 2 . 150 151
Ybp1 is required for the formation of Orp1-S-S-Yap1 152
As previously observed in vivo (Fig. 3a) , Ala substitution of Yap1 C303 (Yap1 C303A ) stabilizes 153 the Orp1-Yap1 C36-C598 intermolecular disulfide by preventing its transposition into the C303-154 8 C598 intramolecular Yap1 disulfide 9 . In Δybp1 cells that expressed Yap1 C303A however, the Orp1-155 S-S-Yap1 complex did not form ( Fig. 3a) . Similarly, in the reconstituted system, Yap1 C303A formed 156 a stable Orp1-S-S-Yap1 complex with Orp1 in the presence, but not in the absence of Ybp1 ( Fig.  157 3d). The peroxiredoxin Tsa1 was proposed to replace Orp1 in Yap1 oxidation in cells lacking 158 Ybp1 20 , but no band corresponding to a Tsa1-Yap1 adduct was detected in Δybp1, as also reported 20 . 159
The reconstituted system thus faithfully reproduces the in vivo setting, thereby confirming 160 the requirement of both Orp1 and Ybp1 for efficient and sensitive Yap1 oxidation by H 2 O 2 . 161 Furthermore, both in vivo and in vitro data indicate that Ybp1 is required for the initial Orp1-Yap1 162 redox interaction (reaction 2, see Fig. 1 ). 163 164
Ybp1 activates formation of Orp1-S-S-Yap1 165
The Orp1-Yap1 redox relay can be deconstructed into three single reactions: formation of the 166 Orp1-SOH (reaction 1, rate constant k SOH ); condensation of the former with Yap1 C598 (reaction 2) 167 or with Orp1 C82 (reaction 3, rate constant k SS ) (see Fig. 1 ). To test whether Ybp1 modulates 168 reactions 2, or 3 or both, we assessed its effect on their kinetics using a quench flow apparatus. 169
Reaction 2 was evaluated with an Orp1 mutant only retaining C36 (Orp1 C64S, C82A, Orp1 CSA ) 170 to eliminate reaction 3, and a Yap1 mutant only retaining C598 (Yap1 SSS CSS ), to avoid unwanted 171 redox reactions. In the absence of Ybp1, these two mutants engaged in the stable Orp1-S-S-172
Yap1 disulfide by lack of Yap1 C303 ( Supplementary Fig. 6 , also showing that Orp1 C82S behaves as 173 Orp CSA ). We also used H 2 O 2 at concentrations low enough to avoid non-specific oxidation (100 µM) 174 which would still ensure fast enough Orp1-SOH formation, for the latter not to be rate limiting for 175 the overall reaction (k SOH = 1.6 10 5 ± 0.1 M -1 s -1 , which gives a rate constant of 16 s -1 at 100 µM H 2 O 2 , 176 see Supplementary Fig. 7 ). Reactions were started by mixing H 2 O 2 to a mixture containing excess 177 Orp1 CSA and either Yap1 SSS CSS or the Ybp1·Yap1 SSS CSS complex, and were stopped by acid quenching. 178
Prior to H 2 O 2 addition, reverse-phase chromatograms of the reaction mixtures lacking Ybp1 179 identified Yap1 SSS CSS (peak 1) and Orp1 CSA (peak 4) ( Supplementary Fig. 8 and Supplementary  180 Table 2). Upon H 2 O 2 addition, the Yap1 and Orp1 CSA peaks gradually decreased over time, and three 181 additional peaks appeared with masses compatible with Orp1-S-S-Yap1 (peak 2), disulfide-182 linked homodimeric Orp1 (C36-S-S-C36) (peak 5), and oxidized Orp1 CSA in the sulfenylamide 183 form (peak 3) ( Supplementary Fig. 8 and Supplementary Table 2 ). The latter species likely forms 184 by Orp1-SOH intramolecular cyclization upon attack of the neighboring Gly37 amide nitrogen at 185 acidic pH 21-23 . Chromatograms of reaction mixtures containing Ybp1 yielded the same products as 186 those observed in its absence (Fig 4a) . 187
The kinetics of Orp1-S-S-Yap1 formation in the absence and presence of Ybp1 were 188 deduced from the evolution of peak-2 area, yielding respective observed rate constants of 0.3 ± 0.03 189 and 2.6 ± 0.4 s -1 , which indicated a significant stimulatory effect of Ybp1 ( Fig. 4b) . Reacting H 2 O 2 in a 190 mixture containing wild-type (Wt) Orp1 and the Ybp1·Yap1 SSS CSS complex led again to a decrease of 191 Yap1 SSS CSS (peak 1) and Orp1 (peak 8), and the appearance of Orp1 OxSS (peak 7) and of a species with 192 mass compatible with Orp1-S-S-Yap1 (peak 6) ( Fig. 4c, Supplementary Table 2 ). The latter 193 appeared at an observed first-order rate constant of 4.6 ± 0.2 s -1 (Fig. 4d) . This value did not change 194 by increasing Orp1 concentration up to near saturation (10 to 80 µM) (mean 5.6 ± 1.0 s -1 ), further 195 demonstrating that Orp1 operates within the Orp1·Ybp1·Yap1 ternary complex ( Fig. 4d, inset) , and 196 hence that the reaction should obey saturation kinetics, in contrast to the bimolecular one measured 197 in the absence of Ybp1 (Orp1 and Yap1 do not form a pre-complex). 198
The kinetics of Orp1-S-S-Yap1 formation in the absence of Ybp1 ( Supplementary Fig. 8 , 199 Fig. 4b ) was analyzed by directly fitting data to a two-step model, which comprises reaction 1 (k SOH 200 = 1.6 10 5 ± 0.1 M -1 s -1 , Supplementary Fig. 7 ) followed by reaction 2 (Supplementary Fig. 9a ). This 201 analysis yielded a second order rate constant k bimolecular for reaction 2 of (7.4 ± 4.9)10 3 M -1 s -1 . To 202 interpret the kinetics obtained in presence of Ybp1 ( Fig. 4a,b) , we directly fitted data to a similar 203 reaction scheme that was now preceded by the formation of the ternary complex, assumed to be a 204 rapid equilibrium characterized by the K affinity constant between Ybp1·Yap1 SSS CSS and Orp1 of 0.7 205 µM ( Supplementary Fig. 9b ). This analysis yielded a first order rate constant for reaction 2 in the 206 10 complex k complex of 3.5 ± 0.7 s -1 , close to the observed value of 2.6 s -1 . We then compared the value of 207 (5.0 10 6 M -1 s -1 for Orp1 CSA ) to the k bimolecular value of 7.4 10 3 M -1 s -1 obtained in the absence of 208
Ybp1. The 700-fold ratio between these two parameters reveals the actual impact of Ybp1 on 209 reaction 2, which becomes particularly significant when considering the low in vivo concentrations 210 of Orp1 and Yap1 (Supplementary Fig. 9c ). Reacting oxidized Orp1 (Orp1 OxSS ) under the same 211 conditions yielded an observed rate constant of 0.026 ± 0.006 s -1 , nearly 200-times slower relative 212 to the reaction with reduced Orp1 (Fig. 4e,f) . 213
These data indicate a strong increasing effect of Ybp1 on the rate of reaction of Yap1 C598 214 with Orp1-SOH, akin to enzyme catalysis, which is accounted for by Ybp1-dependent pre-complex 215 formation and possibly also by a chemical activation of the reaction within the Orp1·Ybp1·Yap1 216 ternary complex. They also confirm that Orp1 OxSS is not competent for Yap1 oxidation. 217 218 Orp1 OxSS formation is impeded in the ternary complex 219
We next explored whether Ybp1 could also favor reaction 2 by inhibiting reaction 3. We first 220 evaluated the effect of Ybp1 and Yap1 on Orp1 peroxidase activity, as measured by the rate of 221 NADPH consumption under multiple turnovers, i.e. in the presence of Trx and Trx reductase. In the 222 presence of Yap1 SSS SSS -used here and below to prevent reaction 2-or Ybp1, Orp1 activity was 223 not altered. In contrast, in their presence in equimolar amounts, Orp1 peroxidase activity was 224 strongly inhibited up to 88% and 97%, at 1 and 20 µM of added proteins, respectively 225 ( Supplementary Fig. 10a ). This effect was not due to inhibition of the Trx system since Yap1 and 226 Ybp1 did not alter Trx-dependent recycling of a peroxiredoxin and methionine sulfoxide reductase 227 ( Supplementary Fig 10b) . 228
Inhibition of the Orp1 peroxidatic cycle might occur at reaction 1 or 3 ( Fig. 1) . We thus 229 evaluated the impact of Ybp1·Yap1 SSS SSS on reaction 1, using Orp1 CSA , which accumulates as a 230 sulfenylamide at acidic pH upon conversion of the Orp1-SOH form (see above), and in the absence 231 of Trx. Reaction products of Orp1 with excess H 2 O 2 were analyzed as in Fig. 4 . The major 232 chromatographic peaks observed were those of Yap1 SSS SSS (peak 9), the Orp1 CSA sulfenylamide (peak 233 3) and reduced (peak 4) forms ( Fig. 5a ). Evolution of peak 3 area yielded first-order rate constants 234 of 29 ± 7 s -1 in the absence of Yap1 SSS SSS and Ybp1, and of 32 ± 7 and 24 ± 7 s -1 in their presence at a 235 1:1 ratio, and at 15 and 75 µM ( Fig. 5b) , respectively, which indicated that Orp1-SOH formation is 236 not altered within the ternary complex (see also Supplementary Fig 7d) . 237
We similarly measured the effects of the Ybp1·Yap1 complex on reaction 3, using Wt Orp1, 238 and setting its catalytic cycle to single turnover to accumulate Orp1 OxSS , i.e. in the absence of the Trx 239 system. Chromatographic analysis of the reaction mixtures identified Yap1 SSS SSS (peak 9), Orp1 OxSS 240 (peak 7), reduced Orp1 (peak 8), and a small amount of a species with a mass that could not be 241 determined (peak 10) ( Fig. 5c, Supplementary Table 2 ). With Orp1 alone, evolution of peak 7 gave 242 an observed rate constant of 32 ± 6 s -1 , close to the value measured for Orp1-SOH formation, 243 which indicates that reaction 1 is limiting Orp1 OxSS formation under these conditions (Fig. 5d) . In 244 contrast, in the presence of a 1:1 ratio of Yap1 SSS SSS and Ybp1, evolution of peak 7 area now yielded a 245 value of 10 ± 2 s -1 at 15 µM, and of 6 ± 2 s -1 at 75 µM of added proteins, indicating that in the ternary 246 complex the rate-limiting step for Orp1 OxSS formation switches from reaction 1 to reaction 3 ( Fig.  247 5d). To further evaluate this effect, we determined reaction 3 intrinsic rate constant (k SS ) by 248 monitoring the change of enzyme Trp fluorescence associated with C36-C82 disulfide formation, 249 under single turnover conditions. We increased the concentration of H 2 O 2 up to levels ensuring that 250 reaction 1 is not rate-limiting relative to reaction 3 ( Supplementary Fig. 7) . The deduced value of 251 k SS for Orp1 alone, 507 ± 4 s -1 , was 80-fold higher than the 6 s -1 measured in the presence of Ybp1 252 and Yap1 SSS SSS . Accordingly, reaction 3 rate constant (k SS ) is > 1000-fold higher than the observed 253 value of reaction 2 in the absence of Ybp1 (0.3 s -1 ) (Fig. 4) . In the presence of Ybp1 alone, the value 254 of k SS decreased to 22 s -1 , indicating a large contribution of Ybp1 to the slowdown of reaction 3 255 within the ternary complex ( Supplementary Fig. 7d ). 256
We therefore enquired whether eliminating the Orp1 resolving Cys residue would make Ybp1 257 dispensable for Yap1 oxidation. In cells that express Orp C82S , oxidation of Yap1 by H 2 O 2 is not 258 altered 9 . In Δybp1 cells, Orp1 C82S did not allow Yap1 oxidation, even when overexpressed, although 259 in the latter condition a very faint band corresponding to the Orp1-Yap1 disulfide-linked complex 260 could now be seen ( Fig. 6a,b, Supplementary Fig. 11) . In vitro also, Orp1 C82S did not allow Yap1 261 oxidation in the absence of Ybp1, but instead totally shifted Yap1 into several high molecular weight 262 (HMW) species (Fig. 6c) . These species were formed by the independent attachment of more than 263 three Orp1 C82S molecules to Yap1, as deduced from the presence of a unique such attachment when 264
Orp1 CSA was reacted with Yap1 SSSCSS (Supplementary Fig. 6a) . These Orp1-Yap1 HMW species 265 decreased upon reintroducing Ybp1 (Fig. 6c) , with the very few remaining caused by excess free 266
Orp1 that had reacted with Yap1 in an Ybp1-independent manner, as shown by the titration of 267 Ybp1·Yap1 by Orp1 (Supplementary Fig. 6b) . 268
We lastly enquired whether glutathione (GSH) at physiological concentrations would compete 269
with Yap1 for condensation with Orp1-SOH. In the absence of Ybp1, GSH totally prevented the 270 reaction between Orp1 CSA and Yap1 SSSCSS , and in its presence, it prevented this reaction only when 271 Orp1 CSA , but not Wt Orp1 was used (Supplementary Fig. 12 ). This effect of GSH most probably 272 occurs on the free unassembled fraction of Yap1. Hence, a competition between GSH and Yap1 for 273 condensation with Orp1-SOH C598 is prevented by ternary complex formation, which explains 274 why GSH does not interfere with Yap1 activation in vivo, and why the Orp1 C82S mutant has a Wt 275 phenotype with regards to Yap1 activation 9 . 276
Hence, within the ternary complex, reaction of the Orp1-SOH with one (C598) out of the five 277 others Yap1 Cys residues is specified, which adds to the activation of reaction 2 and to the 278 impediment of reaction 3 within this complex, and the accessibility of GSH is prevented. In is not consistent with Yap1 fast oxidation in vivo. Furthermore, Orp1 peroxidatic turnover involves 293 formation of an intramolecular disulfide between the same Cys-sulfenic acid and the Orp1 resolving 294
Cys residue at a rate that should totally impede formation of the Orp1-Yap1 intermolecular 295 disulfide. We show here, that Ybp1, a protein identified as a Yap1-binding partner with no 296 recognizable functional domains, and then as required for its oxidative activation 13 , enables the 297 redox coupling between Orp1 and Yap1 at several levels. By recruiting these two proteins within a 298 ternary complex, Ybp1 raises their local concentration, thereby increasing the rate constant for their 299 reaction from the predicted value in the 10 -3 s -1 to the 1 s -1 , even for the estimated low in vivo 300 concentrations of the three partners (see details in Supplementary Fig. 9 ). In vitro reconstitution 301 also shows that by enabling the recruitment of the peroxide-sensitive Orp1 factor, Ybp1 decreases 302 by more than 50-fold the concentration of H 2 O 2 needed to oxidize Yap1 (100 µM vs. >5 mM, 303 Supplementary Fig. 5 ). 304
The previously described Orp1-dependent proximity-based oxidation of the redox protein 305 roGFP2 by H 2 O 2 was made possible by the fusion between these two proteins 29 . Ybp1 similarly 306 enables Orp1-Yap1 redox coupling by ternary complex formation, but may also improve its 307 14 efficiency. Ternary complex formation might create a molecular environment that either stabilizes 308 the C598 thiolate and/or provide the means of acid catalysis to activate the release of a water 309 molecule, which is akin to an enzyme active site. In the absence of Ybp1, the Orp1-SOH could react 310 with any of the Yap1 Cys residues (see Fig. 6c, and Supplementary Fig. 6b ), which indicates that 311 within the ternary complex both selection of C598 over the other five Yap1 Cys residues and its 312 alignment with C36-SOH might also be favored. In addition, ternary complex formation appears 313 also to prevent the attack of glutathione on the C36-SOH by impeding access of GSH to the sulfenic 314 acid (Supplementary Fig. 12) . 315
Lastly, our data indicate that the rate of attack of the resolving C82 thiolate on the Orp1-316 SOH that leads to Orp1 OxSS formation is decreased by 20-fold within the Orp1·Ybp1 binary complex, 317 and by > 80-fold within the Orp1·Ybp1·Yap1 complex, which are values in the range of those of 318 reaction 2 (6 vs 5 s -1 ). Therefore, within the ternary complex, the reaction between the Orp1-SOH 319 and Yap1 C598 is activated, and the competing reaction between the Orp1-SOH and Orp1 C82 320 inhibited, which also favors the former. The failure of the Orp1 C82S mutant to activate Yap1 in the 321 absence of Ybp1 underscores the fact that the inhibition of Orp1 intramolecular disulfide formation 322 is just one of the means by which Ybp1-dependent ternary complex formation enables the redox 323 relay. The Orp1 domain that comprises the C82 residue is highly flexible 30 , which might allow it to 324 be constrained within the ternary complex into a conformation preventing its reaction with the C36-325
SOH. Structural reorganization of Orp1 upon its interaction with Ybp1·Yap1 and Ybp1 is consistent 326
with the significant entropic change associated with complex formation, as measured by ITC 327 (Supplementary Table 1) , and with the inability of Orp1 OxSS to interact with Ybp1·Yap1 and Ybp1. 328
Since Orp1 C82 residue is dispensable for Yap1 activation and since Orp1 peroxidase activity does 329 not contribute to cellular H 2 O 2 tolerance 9 , why has evolution maintained the C82 residue? Based on 330 the in vivo protein concentration estimates and on the dissociation constants for Orp1·Ybp1·Yap1 331 complex formation, a large fraction of Orp1 exists as a free protein. Therefore, free Orp1 fast 332 disulfide formation might shield the reactivity of the Orp1-SOH, a hypothesis that is corroborated 333 by the in vivo identification of disulfide crosslinks between Orp1 C82S and several proteins 31 , while 334 ensuring the availability of reduced Orp1 for Yap1 activation upon recycling of Orp1 OxSS by Trx. 335
In summary we propose that Ybp1 acts as signaling scaffold, akin to the signaling scaffolds of 336 GTPases, protein kinases and phosphatases 32 , since it binds to two signaling proteins and helps 337 guiding the flow of information between them. By shielding a protein Cys-SOH, and selectively 338 activating its condensation into a disulfide with one over other thiolates, Ybp1 scaffolding function 339 also incorporates the function of a "sulfenic acid chaperone", principles that may apply to other 340 sulfenic acid-dependent signaling pathways. 341 342 ACKNOWLEDGMENTS 343
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